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Abstract. The most recent b-physics results from the OPAL experiment at LEP are reviewed. A mea- 
surement of semileptonic B meson decays to narrow orbitally-excited charm mesons is presented first, 
followed by a study of charm production in b-hadron decays. Here, B refers to B + and B° mesons and 
their charge conjugates, and b-hadron refers to the admixture of hadrons containing a b quark produced 
in electron-positron annihilations at yfs = mz. 

PACS. 13.25.Hw Decays of bottom mesons - 13. 20. He Decays of bottom mesons 



1 Introduction 

Studying the decays of b-hadrons enables important tests 
of the Standard Model and Heavy Quark Effective The- 
ory to be made. Two such tests are whether the observed 
branching ratios for semileptonic B decays and the aver- 
age number of charm quarks produced per beauty quark 
decay are consistent with theoretical predictions. The pre- 
dictions for these values are correlated due to their depen- 
dence on common physics inputs: the ratio of the charm 
and beauty quark masses, m c /mb, and the renormaliza- 
tion scale, /i, for the calculations of the relevant processes 

m 

Two recent OPAL results are presented in this paper. 
The first is a measurement of semileptonic B decays to 
narrow orbitally-excited charm mesons [2] (in Section [21 
and the second is a study of charm production in b-hadron 
decays |3] (in Section (SJ. 



2 Semileptonic B decays to D**° 

Measuring the semileptonic decay of B mesons to narrow 
orbitally-excited charm mesons is of particular interest, 
as the sum of the measured exclusive semileptonic B de- 
cay branching ratios is less than the measured inclusive 
branching ratio |3l5lr>] . Uncertainty in BR(B -> D**£vX) 
is also the largest source of uncertainty in measurements 
of V c h at LEP, so it is desirable to measure this decay as 
precisely as possible. 

The narrow orbitally-excited charm mesons are L = 1 
states where J q , the total angular momentum of the light 
quark in the charm meson, is 3/2. In the heavy quark 
infinite mass limit, the light quark quantum numbers are 
conserved in heavy quark decays. The J q = 3/2 states are 
narrow as they undergo D-wave decay. In this analysis, the 



two neutral narrow D**° states are studied: ( J p 
and D*° (J p = 2+). 

Instances of the decay chain 

b 



-> B - 


-> D**°#/X, 




■* D* + vr-, 


D*+ - 




D°- 


■+ (K-7T or K37r) 



are reconstructed in a sample of 3.9 million hadronic Z 
decays, collected from 1991-2000. 

After the standard OPAL hadronic pre-selection, with 
an efficiency of (98.1±0.5)% and a background of (0.11 ± 
0.03)% |2, events are divided into jets with a cone algo- 
rithm 8 . A high momentum lepton (e, /i) candidate is 
then required in a jet. D° candidates are reconstructed in 
the K7r and K3-7T channels from tracks in jets with iden- 
tified high momentum leptons. If the D° daughter tracks 
satisfy particle identification and invariant mass criteria, 
they are paired with slow pion candidates to reconstruct 
D* + candidates. Pion candidates from D**° decays are 
combined with the slow pion and lepton candidates to 
form a B vertex. If, in addition to passing a number of 
background suppression cuts, the decay length significances 
of the B with respect to the primary vertex and the D 
with respect to the B vertex are greater than 1.5 and -2.0 
respectively, then the mass difference Am** between the 
D**° and the D*+ is computed. 

An unbinncd maximum likelihood fit of the Am** dis- 
tribution is performed with a two-parameter background 
function and two Breit-Wigners, each convolved with a 
Gaussian, for the D° and D*, mass peaks (see Figure 
The best fit values for the amplitudes of the signal peaks 
are used to determine the semileptonic B to D**° branch- 
ing ratios. The largest sources of systematic uncertainty 
in the analysis are the parametcrizations of the signal and 
background functions. The sensitivity of the analysis to 
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Background events = 213.1 ± 16.6 
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Fig. 1. Mass difference Am** between D**° and D* + candi- 
dates. The expected Am** values for the D2 and D? states 
are shown by the arrows at the top of the plot. The signal plus 
background and background alone shapes are shown by the 
lines superimposed on the data points. Shown on the plot are 
the best values for 7 and f3, the terms used to parameterize 
the background. 
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Fig. 2. Sums of fitted Monte Carlo — ln(Pj) distributions (solid 
line) and data (solid points) for each track multiplicity, TM, 
bin. The shaded region at the top/bottom of each plot repre- 
sents the b — > DDX/background component. The sum of the 
Monte Carlo distributions is smaller than the b — > 1 charm 
component for TM> 6 as the best fit number of b — > DDX 
jets is negative. 



the shape of the background function is reduced by si- 
multaneously fitting the "right-sign" data sample and a 
"wrong-sign" data sample, where a pion candidate with 
the wrong charge for the D**° decay is selected instead of 
a right-sign pion. 

The resulting fit gives the product branching ratios 
BR(b -»• B) X BR(B -> D°rpX) x BR(D° -> D*+vr-) 
= (2.64±_0.79(stat.)±0.39(syst.)) x 1CT 3 , and 
BR(b -> B) x BR(B -> T)fl~vX) x BR(D^° -> D*+tt-) 
< 1.4 x 10~ 3 at 95% C.L.. These results update an earlier 
OPAL result [H] and are consistent with similar results 
from ARGUS US], CLEO[TT]. and other LEP experiments^ 



3 Charm counting in b-hadron decays 

The average number of charm plus anti-charm quarks pro- 
duced per beauty quark decay, n c , is predicted to be 1.20± 
0.06 £Q. In this analysis, an inclusive method that differen- 
tiates between different^ b-hadron decay topologies is used 
to measure BR(b — > DDX) 1 . This branching ratio is used 
to calculate n c : 

n c = l+BR(b -> DDX)+BR(b -> ^X)-BR(b -> c), (1) 
1 Here, D refers to any charm hadron. 



where BR(b — > ipX) is the inclusive branching ratio to 
charmonium and BR(b ->0c) is the inclusive branching 
ratio to final states containing no c or c quarks. 

Data collected from 1993 to 1995 are used for this anal- 
ysis. After the same hadronic pre-selection mentioned in 
Section |3 plus additional cuts on the event thrust and 
thrust axis, a sample of 1.9 million hadronic Z decays re- 
mains. A high purity and efficiency b-tagging algorithm is 
applied to the data to obtain a 95% pure sample of b-jets 
[Llj . Jets opposite tagged b-jets are used in the analysis 
to avoid bias in the selection of different b-hadron decay 
topologies. The impact parameter significances S of all 
tracks that pass strict selection cuts in a jet are used to 
calculate a single joint probability variable Pj for discrim- 
inating b — > DDX decays from other b-hadron decays and 
backgrounds. Jets containing tracks with large S values 
(e.g. tracks from b — > DDX decays) tend to have small Pj 
values. 

The — ln(Pj) distributions of Monte Carlo simulations 
for different b-hadron decays and backgrounds are com- 
pared to data in order to determine BR(b — » DDX). The 
— ln(Pj) distributions are binned according to the multi- 
plicity of tracks contributing to the calculation of — ln(P,) 
for each jet. A x 2_n t is performed to determine the num- 
ber of b — > DDX and single charm b-hadron decays in the 
data; the branching ratios of b-hadrons to final states with 
no open charm are fixed at the current world average val- 
ues 0, and the fraction of non-b-jets that pass the b-tag 
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is fixed to a value determined from Monte Carlo studies. 
A small additional term, a, (of order 10 -3 ) is included 
in the fitting function in order to reduce the sensitivity 
of the analysis to many sources of systematic uncertainty. 
The inclusion of this term allows the data to constrain 
the physics inputs that change the —\n(Pj) distributions 
in an a linear manner. A zero value for a implies perfect 
modelling. Due to the excellent modelling of the physics 
processes and the detector response, the best fit value for 
a is consistent with zero. Figure shows the result of the 
fit. 

The sources of the largest systematic uncertainties in 
the analysis are the number of tracks from fragmenta- 
tion (i.e. tracks that are not the products of b-hadron de- 
cays) and the number of neutral pions produced in charm 
hadron decays. Varying the values of these quantities in 
the Monte Carlo significantly affects the shapes of the sim- 
ulated — ln(Pj) distributions. 

The result obtained in this analysis is BR(b — * DDX) = 

(10.0±3.2(stat.)l^(det.)ti° 4 (P h y s -))%, where "det." and 
"phys." refer to the uncertainties due to detector and 
physics modelling, respectively. This branching ratio is in- 
put to equationfllto yield n c — These values of 
BR(b — > DDX) and n c are consistent with the correspond- 
ing experimental averages |oTll4| and theoretical predic- 
tions |I| . The systematic uncertainty due to physics mod- 
elling is significantly larger than the uncertainty quoted 
for a similar DELPHI analysis [ISj; however, the sources 
of the largest uncertainties in this analysis were not as- 
signed values in the DELPHI analysis. 



4 Conclusion 

Two recently completed b-physics analyses from the OPAL 
collaboration have been reviewed in this paper. The first is 
a measurement of semileptonic B meson decays to narrow 
orbitally-excited charm mesons. The second is a study of 
charm production in b-hadron decays. The results of both 
analyses agree with theoretical expectations and the re- 
sults from other experiments. 
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